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Abstract 
A limit for the edge density, ruled by radiation losses from light impurities, is established by a 
minimal cylindrical magneto-thermal equilibrium model. For ohmic tokamak and reversed field 
pinch the limit scales linearly with the plasma current, as the empirical Greenwald limit. The 
auxiliary heating adds a further dependence, scaling with the 0.4 power, in agreement with L-
mode tokamak experiments. For a pure externally heated configuration the limit takes on a Sudo-
like form, depending mainly on the input power, and is compatible with recent Stellarator 
scalings. 
 
A discharge-terminating density limit (DL) is found in all the magnetic confinement fusion 
devices [1]. One of the main interpretative branches invokes impurity radiation losses, which 
scale with the square of the density. The consequent cooling of the plasma can become critical at 
high density, giving rise to a variety of instabilities, both thermal [2-8], and MHD [9-13]. Given 
the rich phenomenology, DL seems elusive of an explanation based on a single mechanism. This 
letter presents a complementary approach to the problem, analysing, in cylindrical geometry, the 
feasibility of a magneto-thermal equilibrium with realistic temperature profile, rather than 
addressing specific instabilities. Such a study provides a unified interpretation of the 
phenomenon, given that a DL ruled by light impurities radiation (experiments show that any 
significant contamination by heavy impurities is just detrimental towards the achievement of high 
densities [1]), quantitatively consistent with experimental scalings, emerges naturally for all the 
magnetic configurations. In particular, we found a Greenwald-like scaling [1] for tokamak and 
reversed field pinch (RFP), and a Sudo-like scaling [14, 15] for a pure externally heated 
configuration, taken as approximation of the stellarator. We are aware that this analysis cannot 
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exhaust the topic, since some instability mechanism is necessary to describe the dynamical route 
to the plasma termination. Consequently, we speak of an ‘equilibrium DL’ and not of the DL in 
the ultimate sense. This work has been inspired by analyses of the ohmic tokamak presented in 
[16] (section 7.8) and in [17] (section 8). The differences rely in a more general approach, besides 
a more accurate treatment of the profile dependent terms.  
We introduce a minimal cylindrical equilibrium model (each quantity depending on the radial 
coordinate r only), analytically treated with a formalism able to unify the configurations with an 
applied electric field, namely the tokamak, both ohmic and with additional heating, and the RFP, 
considered as purely ohmic. Basically, we will take integral relations from the heat transport 
equation, in some way similar to those carried out in [18] apart for the simpler geometry, and 
combine them with Ohm’s law at r=0 (on-axis). Ohm’s law is replaced by a suitable scaling for 
the energy confinement time in the case of pure auxiliary heating. 
Thermal balance is described by the sum of the heat transport equations for electrons and main 
ions under stationary condition [19]: 
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Here, T is the electron temperature and K an effective conductivity, which in terms of ions and 
electrons densities (ni, ne), temperatures (Ti, T) and diffusivities (χi, χe) can be written as
( )[ ]TnTnnK eeiiiee ′′+××= − χχχ 1106.1 16 , ′≡d/dr. Throughout this paper we use the 
International System (SI) of units, except for the temperature expressed in keV. Therefore, K 
incorporates the numerical factor 1.6×10-16. The terms Ohm℘ , aux℘  are heating power densities, 
ohmic and auxiliary respectively. The total current J may include the contribution Jd driven by 
the auxiliary heating, in addition to the ohmic component JΩ. Low-β condition is assumed, so the 
currents are approximated parallel to the magnetic field. Accordingly, η is the parallel resistivity. 
Moreover, J and JΩ are taken in the same direction, so that the absolute values are related by 
J=JΩ±Jd. The cooling rate Rad(T) determines the radiation emission and depends on the atomic 
physics of the impurities, whose total density is denoted by nI. Here Rad(T) represents a weighted 
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average between the different species involved. For light impurities, it is strongly peaked at low 
temperatures (order tens eV), with a secondary, much smaller maximum at higher temperatures 
[20]. Accordingly, a step-wise model is here adopted: Rad(T≤T*)=R*, Rad(T>T*)=0, being T* of 
the order of 30eV. By taking a monotonic decreasing temperature profile, satisfying T′(0)=0 on-
axis, and T(a)=0 at the wall radius, Rad(T) becomes a function of r: Rad(r≥r*)=R*, Rad(r<r*)=0, 
where T(r*)=T*. Integration of (1) is then straightforward. In particular, the half-sum of the 
integrals of (1) in [0, a] and [0, r*] provides a balance between heat-flux, power and radiation 
losses: 
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, and the constants K*, f* approximate K and the impurity 
concentration fI=nI/ne within the radiative layer [r*, a]. Given the smallness of T*, we use 
repeatedly the approximation r*≈a. Accordingly, )()( *rQaQ ≈ . Moreover, 2)( ℘= aaQ , 
being ℘  the volume-average heating power density. Nonetheless, it is correct to distinguish 
the temperature derivatives at a and r* within X, since a finite variation of T ′  occurs in the 
radiative layer: ( )
***
)()( KarTaT ℜ≈′−′ . Therefore, a Taylor expansion of T(r) about r=a 
must retain also the second-order derivative term:  
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Note that X must be negative in order for 
*
T
 to be positive. Defining a typical density n* of the 
emission layer by ( ) ( ) ρρ dnraan
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*  and making use of (3), condition (2) becomes a 
second-order algebraic equation for X: 
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The discriminant is positive or zero, and there are real-valued negative solutions for X, when  
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Equation (5) is already suggestive of a DL relation, but it will be further expanded into more 
explicit forms, applying it to the different configurations. One can check that 0)( =′ aT  when 
(5) is satisfied as equality: in this somewhat idealized model, DL corresponds to the condition of 
vanishing heat flux at the edge, implying radiation emission equal to the input power.  
 
Tokamak and RFP 
Three further equations are needed in these cases. The first is on-axis Ohm’s law, here written in 
a general, compact form: 
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This expression is now explained. In stationary conditions Eθ=0 and Eϕ(r)=const=Eϕ. Resistivity 
is expressed by the classical Spitzer law (neo-classical effects vanish at r=0) [16, 21]: Zeff is the 
effective ion charge and lnΛ the Coulomb logarithm. The total current satisfies BJ )(0 rσµ = , 
with ( )0)0(/2)0( Rq=σ  and ( )θφ BRBrq 0= . The two exponents hRFP and hAUX are 
configuration selectors. For ohmic tokamak, hRFP=0, hAUX=0. For tokamak with auxiliary heating, 
hRFP=0, hAUX=1: the function ξ(r) relates the absolute values of ohmic and total current (at r=0, 
J=Jϕ, JΩ=JΩ,ϕ). For the RFP, hRFP=1, hAUX=0: the function C(r) (anomaly function), defined by 
BJBE ⋅=⋅ ηC , or equivalently by CJEOhm φφ=℘ , encapsulates the 1D effect of the dynamo 
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mechanism, which acts by 2D or 3D MHD perturbations. Numerical simulations estimate C 
larger than 1 in the plasma core, decreasing below this value only at the edge [22, 23].  
The second relation needed is a compact expression for the heating power density in equation (1):  
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A further profile function Γ(r) encapsulates the additional heating contribution. Note that, 
definition (7) recovers the correct expressions for ohmic tokamak and RFP, respectively EϕJϕ and 
EϕJϕ/C. Formulation (7) is convenient, because it allows exploiting the constancy of Eϕ and 
Ampère’s law µ0Jφ=r-1d(rBθ)/dr to write 
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)0(ˆ ΓΓ=Γ . Using (8) to express )(2 aQa=℘ , DL (5) becomes  
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This formalism introduces the Greenwald density ( )21410 aIn pG pi×=  [1], being Ip the 
plasma current, in a natural way. The third needed equation is a further integral relation derived 
from (1), this time integrated twice, first over [0,r], and then over [0,a], after a division by r. In 
order to model profile effects in K, we define 
*
ˆ KKK = . This provides an approximate relation 
for the on-axis temperature: 
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The contribution of the radiation term to (10) is smaller than 
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− ρρ , and is discarded due the assumption that r* is close to a. By 
combining (6) and (10) to eliminate T(0), a scaling law is got for Eϕ, containing, in particular, a 
factor 5/3*)0( KC RFPh × . Therefore, such a scaling cancels out the dependence on C(0) and almost 
totally that on K* in (9): 
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We have conveniently defined 33
**
10~ −×= RTR , since R~  turns out to be order unity for actual 
cooling rates [20]. Given its weak exponent, η1 can be safely estimated by taking just one 
reference value for lnΛ: lnΛ=15. The tenuous dependence upon K* in (11), not disclosed in 
previous derivations [16, 17], will make the final scaling very similar for tokamak and RFP, 
despite the different transport properties of these two devices. Now we further manage Γ(0) and 
K*, to make scaling (11) more transparent. First, Γ(0) can be given a clearer form, at the expense 
of loosing the full generality of the formulation. Let’s take the radial profiles of aux℘  and Jd to 
be comparable to that of the total current J. This hypothesis, reasonable at least for NBI heating 
[24, 25], makes ξ and Γ almost radially constant. In fact, ξ=1±Jd/J≈const≈ξ(0). Moreover, from 
definition (7) (hRFP=0, hAUX=1), relation EϕJϕ=E·J=ηJΩJ=ηJΩ2/ξ, and J≈Jϕ (low-β, large aspect 
ratio tokamak ordering), one gets: 
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Here, Ohmauxtot PPP += , ∫∫ == Ω xdJExdJPOhm
332
φφξη , and Paux are respectively the total, 
ohmic and auxiliary global heating powers.  
Furthermore, the faint dependence K*1/10 implies that any reasonable model of heat transport for 
tokamak and RFP can be adopted without affecting conclusions seriously. Let’s start from the 
approximate relation 
 
13)  EenaK τκ 216* 106.15.0 ×××≈× −   
 
where κ is a suitable shape factor, normalized to 1 for a radially constant K, en  is the line-
average density, and ℘= pE 2/3τ  is the energy confinement time (symbol  denotes the 
volume average and p the plasma pressure). Numerical solutions of the model’s equations 
suggest the corrective pre-factor 0.5 in the r.h.s. As far as the tokamak is concerned, we take the 
simple neo-Alcator scaling )()10(107)( 203193; aqRamns eneoAlcE −−−×=τ , established at low 
density [16], downscaling it by a factor 2 for the high density regime we are dealing with, as 
suggested by the analysis presented in [26]. In this way, (12) and (13) provide the following form 
to (11):  
 
14)  [ ] GhOhmtottokefftok nPPBRfZan AUX ×Ψ×≤ −−−− 4.025/12/12/1*5/210/1 )0()0(~(%))0(3.0* ξφ  
 
The impurity concentration is expressed in percentage here. Quantity 
10/15/310/15/2 )(ˆ)()0( −−−− ℑ=Ψ κψ aaqqtok  encapsulates the factors depending on magnetic and 
transport radial profiles (ψ(r) is defined by hRFP=0). Due to (6), the limit ξ→0 of (14) is finite.  
As far as the RFP is concerned, the RFX-mod scaling, 
1.137.031915.0
mod,
~)10()(0046.0)( −−−
−
×≈ normepRFXE bmnMAImsτ  [27], is applied in (13). Here, normb
~
 
(of the order of 10-2) represents the normalized amplitude of the MHD perturbations, excluding 
the dominant mode. Then, (κ×K*/a2)1/10 turns out to be nearly constant over the RFX-mod 
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database, having fluctuations of order 3% of the average. Therefore, factor K*1/10 is replaced by 
this average times κ-1/10a1/5 in (11): 
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Here, 10/15/35/2 )(ˆ)0( −−− ℑ=Ψ κψ aqRFP , and ψ(r) is defined by hRFP=1, hAUX=0. Both scalings (14), 
(15) have a Greenwald-like structure, modulated by order unity factors. To make them 
quantitatively more precise, an estimate of Ψtok, ΨRFP is needed. This may be accomplished only 
by resorting to some numerical evaluation. In the ohmic tokamak case (hAUX=0, hRFP=0, so 
ψ(a)=1), a standard current model ( ) 1)0()(21 −−∝ qaqxJ [16], x=r/a, the parametrization 
( ) [ ]{ }
*
2 )0(ln1ˆ KKxExpK −=
 and the identification Kˆ=κ , allow writing 
Ψtok≈Ψtok[q(a)/q(0), K(0)/K*]. Magnetic and thermal profiles are not independent here: exploiting 
parallel Ohm’s law 0
2 µσηφφ BBE = , on-axis relation (6) and approximation 22 φBB ≈  
(tokamak ordering) one gets [ ]
11
0
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×≅ ∫ dxxTTqaq . The dependence of 
TTT ˆ)0( =
 on K(0)/K* is then studied solving (1) as an homogeneous eigenvalue equation 
( ) 0ˆˆˆ 2/3 =Ω+ TxdxdxTdKxd , given that ηφ2EOhm ≈℘ . The radiation loss term is neglected 
here (it acts only in a narrow edge layer and consequently it hardly impacts on the global Tˆ  
profile). The eigenvalue Ω is determined by the edge condition 0)1(ˆ =T . Eventually, it is found 
q(a)/q(0)≈3.46×[K(0)/K*]-0.3 for 0.1≤K(0)/K*≤10. Accordingly, Ψtok is well fitted by a weak 
function of the K profile: Ψtok≈1.9×Φ[K(0)/K*], where Φ(x)=x0.3, for 0.1≤x≤1, Φ(x)=[ln(x)+1]0.28, 
for 1≤x≤10. Taking K(0)/K*≈1, hence Ψtok≈1.9, is a sensible approximation, since in tokamaks 
heat diffusivity increases with r [28], whereas particle density follows the opposite trend. In the 
auxiliary heating case (hAUX=1, hRFP=0) Ψtok is found having a weak dependence on the Γˆ  
profile, which indeed enters only within an integral relation. Since (12) entails 1ˆ ≈Γ , even more 
so, we may take 1ˆ =Γ , making Ψtok the same as in the ohmic case. Finally, ΨRFP is estimated for 
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the typical magnetic and temperature profiles of RFX-mod. This requires also some lengthy data 
analysis whose details are given in [29]. A limited range of variation is found, thus ΨRFP≈2.6.  
Now, we benchmark scalings (14), (15) with experimental results. As far as ohmic tokamak is 
concerned, recent FTU experiments [30, 31], realized in clean machine conditions with negligible 
content of metals (Zeff<1.5, D as main ion), established a Greenwald-like scaling for the edge 
density limit: (nedge)DL≈0.35×nG. The similarity with equation (14) stimulates a more quantitative 
comparison. The FTU geometry (a=0.28m, R0=0.935m), and Ψtok=1.9, hAUX=0, are then set in 
(14). A constant radial profile is taken for Zeff  (apart the very edge where the measurement is 
less reliable, reconstructions in different devices both tokamak, stellarator and RFP support this 
assumption [32-36]), alongside the scaling eeff nZ ζ+≅1  (H or D as main ion, so Zi=1), which 
models the generally observed decreasing trend with density [34]. The constant ζ mostly depends 
on the wall conditions for an ohmic device. Given the experimentally observed intervals ( )DLen
≈1÷4(1020m-3), Zeff<1.5, we fix ζ=0.5(1020m-3). The Zeff definition [16], combined with charge 
neutrality condition, allows writing ( ) ( )
*
2
*
1 IIeff ZZZf −−≅ , where denominator is an average 
impurity charge within the radiative layer. Both (ZI2-ZI)* and R~ are here estimated by taking an 
Oxygen (O), Boron (B) mixture [20], representative of clean machine conditions obtained by 
boronization. Equation (14) allows computing n* from the experimental Bϕ, nG and the above 
estimate of Zeff (made with the experimental en ). The result, weakly depending on the ratio fB/fO 
among B, O concentrations, is in fairly good quantitative agreement with the experimental edge 
densities, as shown by figure 1.  
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Figure 1. Ratio between the experimental FTU edge density at the DL disruption and the prediction of 
equation (14). For the same Bϕ there are three different Ip.  
 
As far as DL in auxiliary heated tokamak is concerned, NBI-heated L-mode discharges 
performed in Textor-94 support a Greenwald-scaling modified by the additional dependence 
Ptot0.44 for both edge and line-average densities [37]. Given the nearly identical exponent for Ptot 
predicted by (14) (hAUX=1), the present model seems compatible with these results, even though a 
more detailed comparison is prevented by the lack of information on the current drive and POhm in 
[37]. The H-mode is not addressed here, since a modelling of the edge pedestal would be 
required, and this is beyond the scope of the present work. 
RFX-mod is taken as term of comparison for the RFP. To this purpose, we need transforming 
(15) into a constraint on the line-average density, which is the quantity usually analysed in RFX-
mod. This is accomplished by supplying the density profile peaking factor */ nne=δ . The 
profile is rather flat, with a tendency to become hollow at high density: inversion of 
interferometric data [38] gives ( ) 76.03201094.0 −−×≈ mneδ . In this estimate, n* is identified by 
r*=0.95a, which is consistent with the choice T*=35eV [20] and the typical temperature profile 
close to the DL [29]. Zeff can be modelled by a constant radial profile [36], inversely scaling with 
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density as done for the tokamak (Zi=1). According to [39] one can take ζ≈0.2÷0.4(1020m-3). 
Setting the RFX-mod geometry (a=0.459, R0=2), ΨRFP=2.6, and using approximation 
Bϕ(0)≈Ip(MA)=πa2×nG(1020m-3), valid within few %, DL (15) can be cast in the following 
implicit form (density in 1020m-3): 
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Note that the r.h.s considerably deviates from a linear function in en . The plasma is mainly 
polluted by C and O, due to the presence of a graphite wall. According to [36, 40] a reasonable 
range of variation is fC/fO≈2÷4. In any case the dependence on fC/fO is very weak. As term of 
experimental comparison for (16) we take the union of the two databases used for figures 1 of [6] 
and [8]: the resulting ensemble is displayed by the crosses in figure 2. The curves give and idea 
of the sensitivity of the model prediction to the different parameters involved. Note that the 
boundary of the experimental points is well delimited by equation (16). 
 
Figure 2. Crosses: RFX-mod data. Lines: boundary delimited by equation (16), computed for two values 
of both ζ and fC/fO.  
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Pure auxiliary heated cylindrical configuration  
We go back to equation (5): letting Eϕ=0 it becomes 
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Unlike equation (9), K*-1/2 brings the total dependence on transport now, since Paux is mainly an 
external input. Therefore, the transport model takes a fundamental importance here. We use 
relation (13), with radially constant K, combined with the International Stellarator scaling 95, 
4.0
3/2
83.031951.059.065.0
0
21.295 )10()(079.0)( iBmnMWPRas eauxISSE /×= −− φτ , [41]. With reference to LHD, we 
also take a radially constant Zeff [35], Zi=1, and a mixture of C, O, with a predominance of C [42]. 
In terms of the line-average density, (17) gives (density in 1020m-3 and power in MW): 
 
18) ( ) 4.080.016.0 3/272.054.0033.057.0 1156.0 −−− −/×≤ effauxe ZaRBPn διφ   
 
The pre-factor dependence on fC/fO is very weak in this case too: here we choose fC/fO=3. 
Experiments suggest including the peaking factor in the Sudo scaling [14], to model the fact that 
the actual DL refers to the edge density [15]:  
 
19) δφ 15.005.05.0, 2.0 −−×≤ aRBPn auxLHDe  
 
The similarity between (18) and (19) is evident, apart from an explicit Zeff dependence present in 
the analytical prediction. For typical LHD parameters, R0=3.65m, a=0.64m, Bφ=2.71T, 
Paux=2÷10MW, δ=0.8÷4 [15], 75.03/2 =/ι  [43], 1<Zeff<2 [35], the ratio between (18) and (19) 
varies in the range 1.3÷2 for Zeff=1.05, decreasing to 0.42÷0.65 for Zeff=2. The agreement is 
within a factor 2, which is rather good in the view of the cylindrical geometry approximation.  
In conclusion, we have shown the existence of a DL related to the possibility of establishing a 1D 
magneto-thermal equilibrium in the presence of light impurity radiation losses. Though this work 
cannot be considered the last word on a complex and multifaceted problem such as the DL in 
13 
 
fusion plasmas, our analysis has some strong undeniable points: 1) it is based on a careful 
analysis of few basic physical elements; 2) it is quantitatively consistent with the experiments 
taken so far as term of comparison; 3) it is transversal to the main magnetic configurations.  
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Supplemental Material 
 
Some technical issues, omitted in the corpus of the Letter, are provided in the following 
paragraphs.  
 
Section1. Cooling rates and average charges for B, C, O  
Figure SM-1 plots the cooling rates (a) from the ADAS database [1], and the average charges (b) 
from the database [2], as function of electron temperature, for Oxygen (O), Carbon (C) and 
Boron (B). They are, in fact, the most relevant light species, as far as the radiation losses are 
concerned. The former two are intrinsic in any machine (O from vapour, C from steel or graphite 
tiles), the latter is often used for wall-conditioning. The charge curves are somewhat schematized 
with respect to the actual ones.  
The Rad(T) curves are used to define the quantities T* and 33** 10
~
×= TRR  of the step-wise 
model described in the Letter. We set T*=35eV as the temperature delimiting the edge radiative 
layer: in fact at this temperature RadO drops by a factor 10 with respect to its principal maximum, 
and the principal maxima of RadB, RadC occur at lower T. Nevertheless we include also the 
secondary maximum of Rad(T) (or at least a portion of it) in the quantitative definition of R~ . In 
fact, we define ∫×=
)0(
0
3310~
T
jj dTRadR  for j=O, C, B. For the FTU tokamak, one can take 
T(0)=1keV: this provides 35.2~ =OR , 7.0
~
=CR , 19.0
~
=BR , in units of Wm
3keV. For RFX-
mod, one can take T(0)=0.2keV (see analysis discussed in figure SM-2): this provides 7.1~ =OR , 
59.0~ =CR , 15.0
~
=BR , in units of Wm
3keV.  
The charge curves are used to compute the average values ( )ijj ZZZ −2 *, being Zi the main ion 
charge, referred to the temperature interval [0, T*]: for Zi=1 we get 15.6, 9, 6 for j=O, C, B 
respectively.  
The simultaneous presence of the different kinds of impurities is managed by defining suitable 
weighted-averages, both for the cooling rate and the charge. If fj=nj/ne denotes the jth impurity 
concentration, use is made of the following relations:  
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For the sake of simplicity, the radial profile of the concentration is assumed to be the same for all 
the impurities, so the ratios fj/fk are fixed numbers. 
     
Figure SM-1. Plot a): cooling rates for O, B, C, as function of electron temperature, with both axes in 
logarithmic scale. Plot b): average charges for the same impurities, as function of electron temperature, 
with x-axis in logarithmic scale. 
 
Section 2. Estimate of ΨRFP. 
The computation of )(ˆ 10/15/35/20 aq RFPRFP ψκ −−− ℑ=Ψ  (ψ(r) defined by hRFP=1, hAUX=0) is here 
performed by adopting magnetic and heat transport models compatible with the experimental 
analysis of RFX-mod (a=0.459m, R0=2m). Close to the DL, the normalized temperature 
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)0(/ˆ TTT =
 is characterized by a typical profile, shown by the points of figure SM-2: a plateau, 
extending up to r=|R-R0|≈0.28, is followed by a nearly constant gradient. This suggests the 
existence of two nearly contiguous radial regions with significantly different transport levels. 
Schematically we can adopt the step-wise model  
 
SM4) 
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T
rr
rrKK
K
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ˆ
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being rT about the plateau radial extent. In particular, taking rT=0.25 and K(0)/K*≥50 the 
solutions of the normalized transport equation  
 
SM5) ( ) 0ˆˆˆˆ =Ω+ CJxdxdxTdKxd φ  
 
being x=r/a and the eigenvalue Ω determined by the edge condition 0)1(ˆ =T , well approximate 
the experimental Tˆ  profile (see curves of figure SM-2). Equation (SM5) results from equations 
(1), (7) of the letter. The radiation loss term is neglected here, since it acts only in a narrow edge 
layer and consequently it hardly impacts on the global Tˆ  profile. A transport model similar to 
(SM4) has already been used to interpret the RFX-mod temperature profiles [3].  
The magnetic profiles, characterized by the two parameters φφ BaBF )(= , φθ BaB )(=Θ , 
are modelled through the function ( )ασσ x−= 1)0( , which is standard for RFPs [4]. The 
normalized anomaly function is given by ( )2ˆˆˆˆˆ BBC σηφ= , being )0(ˆ σσσ = . Moreover, 
2/3
ˆ
ˆ
−
= Tη , by taking a radially constant Zeff. The typical Cˆ  profile so obtained is shown in figure 
SM-3. Finally, an estimate of the shape factor κ, defined by equation (13) of the letter, is 
provided. It is natural writing τE as the sum of the energy confinement times related to the two 
different transport regions: 
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For consistency with (13) it must be ( ) ( ) arxxxKx TTTTT /,11)0(ˆ 12122 =−≅−+≈ −−κ . We 
also mention that, by defining the edge electron thermal diffusivity as ( )*106.1 16
**
nK ××= −χ  
(see text below equation (1) in the letter: for the RFP χi≈(me/mi)1/2χe<<χe is a sensible 
assumption) and applying the RFX-mod scalings (discussed in the letter) to both τE and 
*/ nne=δ , equation (SM6) provides 15.112* )(50)( −− ×≈ MAIsm pχ , which is compatible with 
previous estimates (see figure 8 of [3]).  
Figure SM-4 displays ΨRFP computed for two different magnetic equilibria and for simulated Tˆ  
profile well-fitting the experimental average one (those obtained with K(0)/K*≥50). There is no 
appreciable dependence both on the magnetic equilibrium, and on K(0)/K*. Since the shallow 
reversal condition (F≈-0.05) is more frequent in RFX-mod, we can take ΨRFP ≈ 2.6. 
 
Figure SM-2. Diamonds: RFX-mod electron temperature radial profile measured by Thomson scattering, 
normalized to the average of the 4 nearest points to the magnetic axis, and then averaged over 34 shots in 
conditions close to the DL. The irregularities in the plateau region are likely due to spurious effect such as 
the detection of light from plasma-wall interaction. The x-axis is the radial coordinate of the machine 
system (R, Z, ϕ), referred to the vacuum-vessel centre. The average absolute value of the on-axis 
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temperature is T(0)=174±72 eV. Curves: simulated profiles from equation (SM5), using the step-wise 
model (SM4) for Kˆ  with rT=0.25. It is assumed r=|R-R0|. 
 
 
Figure SM-3. Estimated radial profile of the normalized anomaly function Cˆ , for the equilibrium F=-
0.145, Θ=1.43.  
 
 
Figure SM-4. Estimated ΨRFP as function of K(0)/K* for two different magnetic equilibria.  
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